Pentalogy of Fallot (POF) is a rare form of cyanotic congenital heart disease and is characterized by Tetralogy of Fallot (TOF) with either an atrial septal defect (ASD) or a patent foramen ovale (PFO). TOF, which is characterized by stenosis of the right ventricular outflow tract, ventricular septal defect (VSD), overriding aortic root, and right ventricular hypertrophy \[[@r33], [@r38]\], is reported in 34 of 100,000 live human births and accounts for 8--10% of congenital heart disease \[[@r35]\]. The prevalence of congenital heart diseases in bovine fetuses collected at abattoirs is 0.7% \[[@r15]\] and TOF accounts for 7.5% of these cases \[[@r12]\]. POF has been reported in many species, including cattle \[[@r4], [@r6], [@r8], [@r9], [@r12], [@r21]\], a ram \[[@r27]\], a Bengal Tiger \[[@r26]\], a Siberian Tiger \[[@r31]\], and a Korean Sapsaree dog \[[@r25]\], as well as in human patients \[[@r1], [@r2]\]. General symptoms of POF are similar to that of TOF, including exercise intolerance, cyanosis, tachycardia, murmur, and tachypnea \[[@r8], [@r9], [@r21]\].

Currently, 23 cases of TOF or POF have been reported in cattle. Out of the 23, 5 cattle (3 cases of Holsteins between 11 days and 7 months old \[[@r4], [@r21]\], a 2-and-a-half-year-old Guernsey \[[@r6]\], and an 8-month-old Japanese Black \[[@r12]\]) have been reported thus far as cases of POF. We excluded 2 cases of TOF accompanied by PFO in Fisher's reports from the POF cases, because whose PFO was reported to be anatomically patent but functionally competent \[[@r8], [@r9]\]. Among the 5 POF cases, 2 cattle are reported to have pulmonary artery dilatation \[[@r4], [@r6]\] and 2 cattle are reported to have patent ductus arteriosus (PDA) \[[@r12]\]. We report a case of an 18-month-old Holstein heifer that died from POF, which had a longer lifespan than 3 other Holsteins reported to have had POF.

An 18-month-old female Holstein Friesian heifer, which was born on Dec 13th in 2014, presented with a history of stunted growth and acute anorexia at a tie-stall dairy farm in Ibaraki, Japan. Heifers at this farm usually experience heat around 12 months of age, but this animal was first in heat and artificially inseminated at the age of 17 months. On day 1 of treatment, elevated rectal temperature (41.4°C), tachycardia (104 beats/min), and tachypnea (60 breaths/min) were observed. A murmur could not be auscultated, most likely due to the sound of electric fans and the expiratory lung noises caused by tachypnea. Based on the high rectal temperature and tachypnea, the animal was initially diagnosed with bacterial pneumonia and treated with antibiotics including a streptomycin/penicillin mixture, enrofloxacin, florfenicol, and oxytetracycline as well as non-steroidal anti-inflammatory drugs from day 1 to day 14, but the clinical symptoms did not improve. On day 15, a holosystolic heart murmur, bilateral distension of the external jugular veins, and cyanosis were seen in addition to fever (39.8°C), tachycardia (96 beats/min), and tachypnea (48 breaths/min). There was no evidence of submandibular edema. A complete blood cell count and blood biochemistry on day 15 revealed a mild leukocytosis (12.8 × 10^3^ /*µl*), while red blood cells (7.99 × 10^6^ /*µl*), hematocrit (32.1%), hemoglobin concentration (11.6 g/d*l*), protein concentration (7.2 g/d*l*), and albumin concentration (2.7 g/d*l*) were in the normal ranges. Electrophoretogram of the serum proteins was not indicative of hyperglobulinemia. Based on these findings, the existence of cardiovascular disease was suspected, in addition to pneumonia. Due to the poor prognosis of cardiovascular disease and unchanged systemic condition, no further treatments were performed.

The animal died on day 21 (July 4th, 2016), at the age of 18 months and 21 days, and a thoracic necropsy was performed. The heart was severely enlarged and adhered to the pleura. The lungs were extensively congested, and pneumonia was present, whereas subcutaneous edema, pleural effusion, and pericardial effusion were not. The heart was removed and fixed with 8% formaldehyde (Mildform; FUJIFILM Wako Pure Chemical Corp., Osaka, Japan). Dissection of the heart revealed obstruction of the right ventricular outflow tract ([Fig. 1A](#fig_001){ref-type="fig"}Fig. 1.Pathological findings of pentalogy of Fallot in a 19-month-old Holstein heifer. Dissection of the heart revealed obstruction of the right ventricular outflow tract (A), a ventricular septal defect (B), overriding aortic root, right ventricular hypertrophy (C), and an atrial septal defect (D). Obstruction of the right ventricular outflow tract was likely caused by clots that formed at the pulmonary valves (A). Deformation of one of the pulmonary valves (arrowhead) and dilatation of the pulmonary artery were observed (A). Ventricular septal defect (arrow) was formed at the membranous part of the ventricular septum (B). The right ventricular wall (asterisk) was thickened (C), and was approximately same as that of the left wall (B). LV, left ventricle; PA, pulmonary artery; RA, right atrium; RV, right ventricle.), VSD ([Fig. 1B](#fig_001){ref-type="fig"}), overriding aortic root, right ventricular hypertrophy ([Fig. 1C](#fig_001){ref-type="fig"}), and ASD ([Fig. 1D](#fig_001){ref-type="fig"}). Deformation of one of the pulmonary valves and dilatation of the pulmonary artery to a diameter of approximately 7 cm were also observed ([Fig. 1A](#fig_001){ref-type="fig"}). The VSD was present in the membranous part of the ventricular septum with a diameter of approximately 2.5 cm ([Fig. 1B](#fig_001){ref-type="fig"}). The right ventricular wall was thickened, with a thickness ratio of the left and right wall of approximately 1:1, while the normal ratio is 3:1 ([Fig. 1C](#fig_001){ref-type="fig"}). PDA was not observed, indicating that the pulmonary artery was the only pathway leading to the lungs. The postmortem findings confirmed the diagnosis of POF with pulmonary artery dilatation and without PDA ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.A schematic diagram showing pentalogy of Fallot in a 19-month-old Holstein heifer. AO, aorta; ASD, atrial septal defect; LA, left atrium; LV, left ventricle; PA, pulmonary artery; RA, right atrium; RV, right ventricle; VSD, ventricular septal defect.). It was not clear from the postmortem examination whether these findings were primary or secondary defects.

Here we report a case of a deceased 18-month-old Holstein heifer with POF which included pulmonary artery dilatation but not PDA. The pulmonary stenosis, VSD, overriding aortic root, and ASD of the heifer in this study are likely to have been caused by developmental anomalies; while the right ventricular hypertrophy may have occurred as the result of pulmonary stenosis \[[@r33], [@r38]\]. Only 1 case of cattle with POF have previously been reported to live longer than 18 months, a 2-and-a-half year old Guernsey cattle with POF and without PDA \[[@r6]\]. Thus, the heifer in this study lived longest among the Holsteins reported to have had POF. McKenna *et al.* described a 2-year-old heifer with TOF and explained the factors that affect longevity, such as the size of the VSD and the degree of pulmonary stenosis \[[@r19]\]. The heifer in this study may have lived for 18 months secondary to mild pulmonary stenosis due to deformation of one of the pulmonary valves. It is likely that the pulmonary stenosis eventually progressed to the obstruction of the right ventricular outflow tract at the age of 18 months, which led to the heifer's death. The longevity of equines and humans with unrepaired TOF/POF depends mainly on the presence of PDA, or other alternative vessels that bypass the pulmonary artery \[[@r18], [@r23], [@r28], [@r34]\]. Extracardiac shunts, such as PDA, may also be one of the causes for the longevity of bovine specimens with TOF/POF, indicated from a Holstein heifer with TOF accompanied by PDA lived for 19 months \[[@r8]\]. It is unclear why the Guernsey cattle with POF (but lacked PDA) lived longer than the heifer in this study. Since the VSD size was smaller in the present case than in the Guernsey cattle \[[@r6]\], it may be due to the difference in the severity of pulmonary stenosis or the difference in breed.

The prevalence rate of pulmonary artery dilatation in bovine congenital heart disease is reported to be 2.5% \[[@r12]\], while those in bovine cases of TOF/POF and human TOF cases are not as likely to be low. Out of 24 cases of bovine TOF/POF, 5 cases thus far (including the present case) have been reported to accompany pulmonary artery dilatation \[[@r4],[@r5],[@r6], [@r8], [@r9], [@r12],[@r13],[@r14], [@r16], [@r17], [@r19],[@r20],[@r21], [@r24], [@r29], [@r30], [@r32], [@r36]\], which shows a prevalence rate of 20.8%. In humans, the expansion of the pulmonary artery is classified as either dilatation or aneurysm according to its diameter, and the prevalence of pulmonary artery dilatation or aneurysm in cases of TOF has been reported to be 20.5% \[[@r10]\]. It appears that pulmonary artery dilatation in cattle with TOF/POF is found at a comparable prevalence to that in humans. Pulmonary artery dilatation in humans is caused by increased pulmonary blood flow in large left-to-right shunts \[[@r3], [@r22]\] and the turbulence of blood flow caused by the abnormal opening of the pulmonary valve \[[@r11], [@r37], [@r39]\]. Human TOF with absent pulmonary valve syndrome, which is presumed to develop both of the above-mentioned hemodynamic effects, is reported to present with severe pulmonary artery dilatation \[[@r7], [@r10], [@r38]\]. Deformation of one of the pulmonary valves was observed in the heifer we are presenting, and it may be the cause of pulmonary artery dilatation.

In this study, an 18-month-old Holstein heifer with POF which had pulmonary artery dilatation and lacked PDA has been presented. This clinical case will update our current knowledge of the relationship between lifespan of bovine specimens with TOF/POF and the presence of PDA or pulmonary artery dilatation.
